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This article is a brief summary of pro- 
cedures for alkylation of reactive methyl, 
methylene, or methinyl groups in the 
presence of certain basic reagents. 

The first step in base-catalyzed alkyla- 
tion reactions 1s removal of a proton to 
form a carbanion which 1s. stabilized 
through resonance. The hydrogen atom 
usually owes its reactivity to the pres- 


ence at the adjacent carbon atom of 


an electron-withdrawing group joined 
through a multiple bond. The second 
step is alkylation of the carbanion in a 
displacement reaction which removes X 
[X = halogen, —OSO;R or (—NR;)7]. 


(a) CH, (CO3C,H«)> + C,H,O- - sre 


CHiCO,CpHs)2| + CzHsOH 


(bd) |CHICO,CyHs)9) + RX — 
RCH(COCpH.)> + X™ 

1. Esters 

Diethyl malonate is alkylated by pri- 
mary and secondary alkyl halides in al- 
cohol solvents with sodium alkoxides 
(1). However, alkylation by tert t.-butyl 
bromide ty pically gives only a 7% yield 
with isobutylene a chief by-product (2). 
By adding the catalyst at a rate to main- 
tain only slight alkalinity, excellent 
yields are obtained with ethy] or isopro- 
pyl bromide (3). Sodium malonic ester 
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reacts with ethylene oxide, epichlorohy- 
drin, cyclohexene oxide, and other al- 
kene oxides to give intermediates which 
form lactones by a secondary reaction, 
with elimination of an ethoxide ion (4): 


H,C——CH, + CoHs0- 


0. CHCO,CeHs 
/ 
l| 
O 


Simple benzyl quaternary ammonium 
salts, e.g., benzyltrimethyl ammonium 
chloride, react with sodium malonic 
ester to give carbon-alkylation (5). 

CgH_gCHpNICHy + [CH(CO,CoHs)2| —> 
cir 


Gramine (3-dimethylaminomethylin- 
dole) and certain related structures (6), 
converted to quaternary ammonium 
salts, such as the methiodide or metho- 
sulfate, alkylate sodium malonic ester 
and its derivatives, even more readily. 


The alkylation step probably involves 
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displacement of the trimethylamine 
molecule from the quaternary ammo- 
nium ion by the malonic ester carbanion 


(7). Thus: 


N . 


| 
H 


ere 5)p + (CH) ,N+ 17 
N 


| 
H 


Use of alkyl carbonates as solvents per- 
mits formation of metal derivatives of 
branched esters by allowing distillation 
of alcohol from the reaction (see (a)). 
Thus, diethyl sec.-butylmalonate is al- 
kylated by ethyl and allyl bromide in 
95% and 86% rid: The difficultly ob- 
tainable malonic esters containing two 
sec.-alkyl groups as substituents are pre- 
pared by this method (8). By variation 
in procedure, alkyl carbonates may also 
serve as alkylating agents of monosub- 
stituted malonic esters (g). 

After it was first shown that sodium 
triphenylmethy] converts methyl diphen- 
ylacetate into its sodium derivative, pro- 
cedures were devised for using this base in 
condensation reactions of purely aliphat- 
ic esters. For instance, v-alkyl halides 
alkylate such esters as ethyl] isobutyrate, 
isovalerate, anda-methylbutyrate. Ethyl 
isobutyrate also reacts in this way with 
ethyl a-bromoisobutyrate or ethylene 
oxide (10). However, benzylation of 
ethyl acetate fails, owing to the rapid 
rate at which the ester undergoes self- 
condensation (11). Ethyl nitroacetate is 
alkylated in excellent yield by gramine 
without employing a catalyst (12). 

1. Ketones 

Certain ketones are alkylated in the 
presence of sodium amide. For example, 
methylation, ethylation, and propyla- 
tion of 3,3-dimethyl-2-butanone,  3- 
methyl-2-butanone, and 2,2,4-trimethyl- 
3-pentanone may be effected, but intro- 
duction of allyl, benzyl, or isopropyl 


groups is considerably more difficult 
(13). This method fails when the speed 
of self-condensation of the ketone is 
greater than the competing alkylation 
reaction. However, use of sodium ¢ert.- 
amylate allows alkylation of several 
ketones which undergo self-condensa- 
tion with sodium amide. Thus, propio- 
phenone, cyclohexanone, and acetophe- 
none are alkylated successfully (14). 
Sodium isopropoxide and potassium éert.- 
butoxide similarly find use with phenyl- 
acetone (15). 

Steric factors appear to influence the 
course of reaction of ketones. With 2- 
methylcyclopentyl phenyl ketone, de- 
creased yields occur with increasing size 


of the group introduced (16). Thus: 





_ ae 4 NoNH2 a 

HC _CHCH, RI H,C_ _CHCH, + 
C—COC.H, C—COG.H, 
H 3 

Yields decrease when R = methyl, 

ethyl, propyl, and isopropyl, in_ this 


order. Cyclopentyl methyl ketone alkyl- 
ates only in the methyl group. The 
course of alkylation of diphenylaceto- 
phenone depends largely en the size of 
the alkyl halide in giving C- or O-alkyla- 
tion. Phenylacetophenone, which 1s less 
hindered, yields only C-substitution 
with alkyl halides but both types of 
reaction with 6-chloroethylamines. The 
unhindered propiophenone gives C- 
alkylation with these reagents (17). Re- 
actions of tosylacetomesitylene and re- 
lated structures indicate that ketones 
having —CH.COC,H.(CHs); differ from 
those with —CH:COC,H; in_ having 
greater tendencies to form alkyl deriva- 
tives of the enolic modification (18). 
Comparative alkylation rates of many 
alkylating agents with certain bases 
have been reported for ketones (14). 
11. B-Ketoesters 

Ethyl acetoacetate, the simplest of 
the 6-ketoesters, is alkylated in the pres- 
ence of sodium ethoxide by x-alky] bro- 
mides, sulfates, and p-toluenesulfonates, 


—< 
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quaternary ammonium salts, chloroace- 
tone, ethyl chloroacetate, etc. (5,6,19). 
Introduction of sec.- or isobutyl bro- 
mide, however, gives poor results. Low 
yields also are encountered i in alkylation 
of mono-a-substituted acetoacetic esters. 
The stronger bases, potassium ¢ert.- 
amyloxide or f¢ert.-butoxide are more 
effective in preparation of isopropyl, iso- 
butyl, diethyl, and dibutyl derivatives 
of ethyl acetoacetate and the isobutyl 
or sec.-butyl derivatives of ¢ert.-butyl 
a-n-butylacetoacetate (20). This may 
be due to a decreased tendency of the 
stronger base to effect a reverse Claisen 
condensation which a,a-disubstituted 
acetoacetic esters, for example, undergo 
readily. 

Recommended methods for the alkyl- 
ation of acetoacetic esters employ so- 
dium ethoxide with x-alkyl bromides, 
potassium ethoxide with isobutyl and 
sec.-butyl iodides and potassium ¢fert.- 
butoxide with a-substituted derivatives. 
Metallic sodium, used in many cases, 
may give acyloin condensation or reduc- 
tion. Sodium hydride appears effective 


for preparing sodium derivatives of 


a-substituted acetoacetic esters. 
Alkylations of 6-ketoesters with vari- 

ous R substituents can be effected inthe 

presence of the bases mentioned (21). 


Base 


a a + RX 
H 


RCOCHCO,C,H, + X- 
| 
i 


Potassium hydroxide has been used as 
the basic reagent 1n limited cases in the 
alkylation of B-ketoesters (as well .as 
cyanoacetic esters and indene). Good 
yields are obtained when the alkylating 
agents are either ethylene oxide, benzyl 
and allyl chlorides, or ethyl] bromoace- 
tate (22). 
iv. Thtoacetoacetates 

Ethyl sodiumthioacetoacetate forms 
corresponding a-7-alkyl derivatives read- 


ily (23). 


CHCSCHCO,C pH, + RI Hose, 


H 
CH3CSCHCO,CoHs + I" 
R 


v. Cyanoacetic Esters 

These esters are alkylated in the same 
way as acetoacetic esters with sodium 
ethoxide by alkyl bromides (3) and sul- 
fates (20) and quaternary ammonium 
salts (5) and with potassium hydroxide 
by benzyl chloride and chloroacetoni- 
trile (22). Alkene oxides lead to the cor- 
responding a-cyano-y-lactones (24). 
vi. Nitriles 

Nitriles are generally alkylated in 
liquid ammonia with sodium amide, al- 
though other media are known. Amidine 
formation by addition of sodium amide 
to the nitrile group is precluded by the 
greater speed of alkylation. Phenylace- 
tonitriles and isobutyronitrile have been 
alkylated by v-alkyl halides (R = ethyl 
through octyl) (25). 


NoNH ’ ; 
CgHeCHCN + RX———2> CgHgCHCN + X 
| 


H R 


Low yields are obtained from the al- 
kylation of certain nitriles by branched- 
chain halides, such as isobutyl or sec.- 
octyl halides. While aryl halides are un- 
reactive as alkylating agents, a notable 
exception is the use of chlorobenzene 
with aceto- or propionitrile (26). Ring 
closure of y-chlorobutyronitriles with so- 
dium amide or sodium hydroxide gives 
the corresponding cyclopropylnitriles 
(27). Sodium hydride is particularly ef- 
fective in alkylating many nitriles (28). 
vil. Sulfonylamides 

a-Sulfonylamides are alkylated by the 
sodium ethoxide-ethanol method (29). 
RSO,CHCONH, + R'X —> RSO,CHCONH, + X” 


| 
H R’ 


R=CH,C,H4, CH3(CH,)3, CeH_CH, 


R=CaHs, 'so — CgH), 
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The remaining a-hydrogen has decreased 
activity, rendering dialkylation difficult 
with accompanying N-alkylation. 
vill. Acetylenes 

Monoalkylacetylenes, for example, 
pent-I-yne through octadec-I-yne, are 
prepared in liquid ammonia with so- 
dium amide by Nieuwland’s general 
procedure (30). 


NaNH, “ 
HC=CH + RX ——~ HC =CR+X 
Lig NH, 


Sodium alkynyls are reactive with cer- 
tain #-alkyl bromides, iodides, sulfates, 
and sulfonates but not with ethyl or 
benzyl chloride, cyclohexy lbromide, and 
vinyl or aryl halides (31). Branched 
groups may be introduced by isoamyl 
bromide or by isopropyl] sulfate but not 
by its chloride or bromide (32). 

Dialkyl acetylenes are prepared by 
this method with alkyl halides of low 
molecular weight. Lithium alkynyls are 
reported more applicable in forming 
long-chain dialkyl acetylenes, as, for 
instance, by reaction of n-octadecyl 
bromide with #-dec-1-yne. A modified 
method uses diacetylenylmercury com- 
pounds, (RC = C).Hg, which, after con- 
version to lithium alkynyls, are alkyl- 
ated in dioxane (30). 
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